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(54) INTRODUCER WITH EXPANDABLE CAPABILITIES

(57)  An introducer (10) including a layered tubular
member (14) having an inner liner (20) including at least
one folded portion (34) extending along a distal region
(26) of the inner liner in a delivery configuration; a rein-
forcing member (40) disposed over at least a portion of
the inner liner, the reinforcing member including a plu-
rality of longitudinal spines (44) defining a plurality of
openings (46) disposed between adjacent longitudinal
spines, wherein each folded portion is circumferentially

FIG. 1

overlapped by one of the plurality of openings; and an
outer sheath (30) disposed over the reinforcing member,
wherein the outer sheath includes atleast one perforation
(32) circumferentially overlapping each folded portion;
and a tip member (28) fixedly attached to a tapered distal
region of the layered tubular member. The inner liner may
extend to a distal end of the layered tubular member. At
least a portion of each folded portion may terminate prox-
imal of the distal end of the layered tubular member.
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Description

Cross-Reference To Related Applications

[0001] This application claims the benefit of priority to
U.S. Provisional Application Serial No. 62/729,238, filed
September 10,2018, and U.S Provisional Application Se-
rial No. 62/731,779, filed September 14, 2018, the en-
tirety of which is incorporated herein by reference.

Technical Field

[0002] The disclosure relates generally to medical de-
vices and more particularly to medical devices that are
adapted for use in percutaneous medical procedures.

Background

[0003] In some instances, performing percutaneous
medical procedures may require the insertion and/or
maneuvering of relatively large medical devices through
a patient’s vasculature. However, inserting the medical
device into the vasculature may resultin undesirable forc-
es being applied to the vessel walls. Therefore, it may
be desirable to design an introducer having a reduced
insertion profile, yet capable of expansion when neces-
sary (e.g., during the passage of a medical device there-
through) to provide protection to the vessel wall. Of the
known medical devices and methods, each has certain
advantages and disadvantages. There is an ongoing
need to provide alternative medical devices and intro-
ducers as well as alternative methods for manufacturing
and using medical devices and introducers.

Summary

[0004] In a first aspect, an introducer may comprise a
layered tubular member, comprising: an inner liner in-
cluding a lumen, a distal region, and at least one folded
portion extending along the distal region of the inner liner
in a delivery configuration; a reinforcing member dis-
posed over at least a portion of the inner liner, the rein-
forcing member having a length and including a plurality
of longitudinal spines defining a plurality of openings dis-
posed between adjacent longitudinal spines, wherein
each folded portion is circumferentially overlapped by
one of the plurality of openings; and an outer sheath dis-
posed over the reinforcing member, wherein the outer
sheath includes at least one perforation circumferentially
overlapping each folded portion; and a tip member fixedly
attached to a tapered distal region of the layered tubular
member. The inner liner may extend to a distal end of
the layered tubular member. At least a portion of each
folded portion may terminate proximal of the distal end
of the layered tubular member.

[0005] In addition or alternatively, and in a second as-
pect, the inner liner is configured to radially expand from
the delivery configuration to an expanded configuration.
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[0006] Inaddition oralternatively, and in a third aspect,
the lumen has a firstdiameterin the delivery configuration
and a second diameter in the expanded configuration,
the second diameter being greater than the firstdiameter.
[0007] In addition or alternatively, and in a fourth as-
pect, at least one of the at least one folded portion at
least partially unfolds when the inner liner radially ex-
pands from the delivery configuration to the expanded
configuration.

[0008] In addition or alternatively, and in a fifth aspect,
wherein the layered tubular member includes a cut out
radially aligned with each folded portion and extending
proximally from the distal end of the layered tubular mem-
ber within the tapered distal region.

[0009] Inaddition or alternatively, and in a sixth aspect,
the tapered distal region of the layered tubular member
tapers in a distal direction from a first outer diameter to
asecond outer diameter less than the first outer diameter.
[0010] In addition or alternatively, and in a seventh as-
pect, the inner liner is formed from an inelastic material.
[0011] In addition or alternatively, and in an eighth as-
pect, one or more of the plurality of longitudinal spines
have a substantially constant width along the length of
the reinforcing member.

[0012] Inadditionoralternatively, andin aninth aspect,
one or more of the plurality of longitudinal spines have a
distally-reducing width along at least a portion of the
length of the reinforcing member.

[0013] Inaddition oralternatively, andin a tenth aspect,
a method of manufacturing an introducer may comprise:
positioning a reinforcing member on a first mandrel, the
reinforcing member having a length and including a plu-
rality of longitudinal spines defining a plurality of openings
disposed between adjacent longitudinal spines; dispos-
ing an outer sheath over the reinforcing member on the
first mandrel, the outer sheath including at least one per-
foration circumferentially overlapping the plurality of
openings; joining the outer sheath to the reinforcing
member; wrapping an inner liner around a second man-
drel to form a folded configuration having at least one
folded portion extending along a distal region of the inner
liner; disposing the outer sheath and the reinforcing
member over at least a portion of the inner liner on the
second mandrel to form a layered tubular member,
wherein the at least one perforation circumferentially
overlaps each folded portion; removing material about a
circumference of the layered tubular member adjacent a
distalend of the layered tubular member to form a tapered
distal region of the layered tubular member; removing
each folded portion from the inner liner within the tapered
distal region; and fixedly attaching a tip member to the
tapered distal region.

[0014] In addition or alternatively, and in an eleventh
aspect, joining the outer sheath to the reinforcing mem-
ber includes heating the reinforcing member and the out-
er sheath to induce reflow between the reinforcing mem-
ber and the outer sheath.

[0015] In addition or alternatively, and in a twelfth as-
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pect, the method may further comprise: prior to removing
material about the circumference of the layered tubular
member, heating the outer sheath, the reinforcing mem-
ber, and the inner liner to induce reflow of the outer sheath
and the reinforcing member about the inner liner, thereby
joining the outer sheath and the reinforcing member to
the inner liner to form the layered tubular member.
[0016] In addition or alternatively, and in a thirteenth
aspect, removing each folded portion from the inner liner
within the tapered distal region includes removing por-
tions of the outer sheath that overlap each folded portion
within the tapered distal region of the layered tubular
member.

[0017] In addition or alternatively, and in a fourteenth
aspect, the tip member is formed from a lower durometer
material than the outer sheath, the reinforcing member,
or the inner liner.

[0018] In addition or alternatively, and in a fifteenth as-
pect, the at least one perforation forms a preferred tear
line along the outer sheath configured to split apart in
response to expansion of the inner liner from the folded
configuration toward an expanded configuration.

[0019] In addition or alternatively, and in a sixteenth
aspect, an introducer may comprise a layered tubular
member, comprising: an inner liner including a lumen, a
distal region, and at least one folded portion extending
along the distal region of the inner liner in a delivery con-
figuration; a reinforcing member disposed over at least
aportion of the inner liner, the reinforcing member having
a length and including a plurality of longitudinal spines
defining a plurality of openings disposed between adja-
cent longitudinal spines, wherein each folded portion is
circumferentially overlapped by one of the plurality of
openings; and an outer sheath disposed over the rein-
forcing member, wherein the outer sheath has a length
and includes a plurality of windows radially aligned with
each folded portion; and a tip member fixedly attached
to a tapered distal region of the layered tubular member.
The inner liner may extend to a distal end of the layered
tubularmember. The tapered distal region may be devoid
of each folded portion.

[0020] Inaddition or alternatively, and in a seventeenth
aspect, the tip member is configured to split apart where
the tapered distal region is devoid of each folded portion
when the inner liner radially expands from the delivery
configuration towards an expanded configuration.
[0021] In addition or alternatively, and in an eighteenth
aspect, the plurality of windows decreases in size from
adistal end of the layered tubular member toward a prox-
imal end of the layered tubular member.

[0022] In addition or alternatively, and in a nineteenth
aspect, each of the plurality of windows are longitudinally
separated by adistance, and wherein the distance varies
along the length of the outer sheath.

[0023] In addition or alternatively, and in a twentieth
aspect, the inner liner has a thickness, and wherein the
thickness of the inner liner is maintained along a distal
edge of the inner liner between adjacent longitudinal
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spines.

[0024] The above summary of some embodiments, as-
pects, and/or examples is not intended to describe each
embodiment or every implementation of the present dis-
closure. The figures and the detailed description which
follows more particularly exemplify these embodiments.

Brief Description of the Drawings

[0025] The disclosure may be more completely under-
stood in consideration of the following detailed descrip-
tion of various embodiments in connection with the ac-
companying drawings, in which:

FIG. 1 illustrates aspects of an example introducer;
FIG. 2 is a cross-sectional view taken through the
line 2-2 of FIG. 1;

FIG. 3 illustrates aspects of an example reinforcing
member associated with the introducer of FIG. 1;
FIG. 4 illustrates aspects of an alternative reinforcing
member associated with the introducer of FIG. 1;
FIG. 5illustrates aspects of an example outer sheath
associated with the introducer of FIG. 1;

FIGS. 6-11 illustrate aspects of the construction of
and amethod of manufacturing the introducer of FIG.
1;

FIG. 12 is a cross-sectional view taken through the
line 12-12 of FIG. 11; and

FIG. 13 illustrates aspects of the introducer of FIG.
1 during use.

[0026] While aspects of the disclosure are amenable
to various modifications and alternative forms, specifics
thereof have been shown by way of example in the draw-
ings and will be described in detail. It should be under-
stood, however, that the intention is not to limit aspects
of the disclosure to the particular embodiments de-
scribed. On the contrary, the intention is to cover all mod-
ifications, equivalents, and alternatives falling within the
spirit and scope of the disclosure.

Detailed Description

[0027] The following description should be read with
reference to the drawings, which are not necessarily to
scale, wherein like reference numerals indicate like ele-
ments throughout the several views. The detailed de-
scription and drawings are intended to illustrate but not
limit the claimed invention. Those skilled in the art will
recognize that the various elements described and/or
shown may be arranged in various combinations and
configurations without departing from the scope of the
disclosure. The detailed description and drawings illus-
trate example embodiments of the claimed invention.
However, inthe interest of clarity and ease of understand-
ing, while every feature and/or element may not be shown
in each drawing, the feature(s) and/or element(s) may
be understood to be present regardless, unless other-
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wise specified.

[0028] For the following defined terms, these defini-
tions shall be applied, unless a different definition is given
in the claims or elsewhere in this specification.

[0029] All numeric values are herein assumed to be
modified by the term "about," whether or not explicitly
indicated. The term "about", in the context of numeric
values, generally refers to a range of numbers that one
of skill in the art would consider equivalent to the recited
value (e.g., having the same function or result). In many
instances, the term "about" may include numbers that
are rounded to the nearest significant figure. Other uses
of the term "about" (e.g., in a context other than numeric
values) may be assumed to have their ordinary and cus-
tomary definition(s), as understood from and consistent
with the context of the specification, unless otherwise
specified.

[0030] The recitation of numerical ranges by endpoints
includes all numbers within that range, including the end-
points (e.g., 1to 5includes 1, 1.5, 2,2.75, 3, 3.80, 4, and
5).

[0031] Although some suitable dimensions, ranges,
and/or values pertaining to various components, features
and/or specifications are disclosed, one of skill in the art,
incited by the present disclosure, would understand de-
sired dimensions, ranges, and/or values may deviate
from those expressly disclosed.

[0032] As used in this specification and the appended
claims, the singular forms "a", "an", and "the" include plu-
ral referents unless the content clearly dictates other-
wise. As used in this specification and the appended
claims, the term "or" is generally employed in its sense
including "and/or" unless the content clearly dictates oth-
erwise. It is to be noted that in order to facilitate under-
standing, certain features of the disclosure may be de-
scribed in the singular, even though those features may
be plural orrecurring within the disclosed embodiment(s).
Each instance of the features may include and/or be en-
compassed by the singular disclosure(s), unless ex-
pressly stated to the contrary. For simplicity and clarity
purposes, not all elements of the disclosed invention are
necessarily shown in each figure or discussed in detail
below. However, it will be understood that the following
discussion may apply equally to any and/or all of the com-
ponents for which there are more than one, unless ex-
plicitly stated to the contrary. Additionally, not all instanc-
es of some elements or features may be shown in each
figure for clarity.

[0033] Relative terms such as "proximal", "distal", "ad-
vance", "retract", variants thereof, and the like, may be
generally considered with respect to the positioning, di-
rection, and/or operation of various elements relative to
auser/operator/manipulator of the device, wherein "prox-
imal" and "retract" indicate or refer to closer to or toward
the user and "distal" and "advance" indicate or refer to
farther from or away from the user. In some instances,
the terms "proximal" and "distal" may be arbitrarily as-
signed in an effort to facilitate understanding of the dis-
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closure, and such instances will be readily apparent to
the skilled artisan. Other relative terms, such as "up-
stream", "downstream", "inflow", and "outflow" refer to a
direction of fluid flow within a lumen, such as a body lu-
men, a blood vessel, or within a device.

[0034] The term "extent" may be understood to mean
a greatest measurement of a stated or identified dimen-
sion, unless the extent or dimension in question is pre-
ceded by or identified as a "minimum", which may be
understood to mean a smallest measurement of the stat-
ed or identified dimension. For example, "outer extent"
may be understood to mean an outer dimension, "radial
extent" may be understood to mean a radial dimension,
"longitudinal extent" may be understood to mean a lon-
gitudinal dimension, etc. Each instance of an "extent"
may be different (e.g., axial, longitudinal, lateral, radial,
circumferential, etc.) and will be apparent to the skilled
person from the context of the individual usage. Gener-
ally, an "extent" may be considered a greatest possible
dimension measured according to the intended usage,
while a "minimum extent" may be considered a smallest
possible dimension measured according to the intended
usage. In some instances, an "extent" may generally be
measured orthogonally within a plane and/or cross-sec-
tion, but may be, as will be apparent from the particular
context, measured differently - such as, but not limited
to, angularly, radially, circumferentially (e.g., along an
arc), etc.

[0035] The terms "monolithic" and "unitary" shall gen-
erally refer to an element or elements made from or con-
sisting of a single structure or base unit/element. A mon-
olithic and/or unitary element shall exclude structure
and/or features made by assembling or otherwise joining
multiple discrete elements together.

[0036] Itis noted that references in the specification to
"an embodiment", "some embodiments", "other embod-
iments", etc., indicate that the embodiment(s) described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it would be within the knowledge of one
skilled in the art to effect the particular feature, structure,
or characteristic in connection with other embodiments,
whether or not explicitly described, unless clearly stated
to the contrary. That is, the various individual elements
described below, even if not explicitly shown in a partic-
ular combination, are nevertheless contemplated as be-
ing combinable or arrangeable with each other to form
other additional embodiments or to complement and/or
enrich the described embodiment(s), as would be under-
stood by one of ordinary skill in the art.

[0037] Forthe purpose of clarity, certain identifying nu-
merical nomenclature (e.g., first, second, third, fourth,
etc.) may be used throughout the description and/or
claims to name and/or differentiate between various de-
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scribed and/or claimed features. It is to be understood
that the numerical nomenclature is not intended to be
limiting and is exemplary only. In some embodiments,
alterations of and deviations from previously-used nu-
merical nomenclature may be made in the interest of
brevity and clarity. That is, a feature identified as a "first"
element may later be referred to as a "second" element,
a "third" element, etc. or may be omitted entirely, and/or
a different feature may be referred to as the "first" ele-
ment. The meaning and/or designation in each instance
will be apparent to the skilled practitioner.

[0038] The figures illustrate selected components
and/or arrangements of an introducer 10 (e.g., a delivery
sheath, an access sheath, a tubular member, etc.),
shown schematically in FIG. 1 for example. It should be
noted that in any given figure, some features of the in-
troducer 10 may not be shown, or may be shown sche-
matically, for simplicity. Additional details regarding
some of the components of the introducer 10 may be
illustrated in other figures in greater detail. An introducer
10 may be used to facilitate delivery and/or deployment
of a variety of medical implants (e.g., an occlusive med-
ical implant, a replacement heart valve implant, etc.) to
one or more locations within the anatomy, including but
notlimited to, in some embodiments, the heart. This, how-
ever, is not intended to be limiting as the introducer 10
may also be used for other interventions and/or percuta-
neous medical procedures within the vasculature of a
patient. For example, devices and methods in accord-
ance with the disclosure may be adapted for use in the
digestive or gastrointestinal tract, such as in the mouth,
throat, small and large intestine, colon, rectum, and the
like. In another example, devices and methods in accord-
ance with the disclosure may be adapted and configured
for use within the respiratory tract, such as in the mouth,
nose, throat, bronchial passages, nasal passages, lungs,
and the like. Similarly, the devices and methods de-
scribed herein with respect to percutaneous deployment
may be used in other types of surgical procedures, as
appropriate. Forexample, in some examples, the devices
may be used in a non-percutaneous procedure. Devices
and methods in accordance with the disclosure may also
be adapted and configured for other uses within the anat-
omy.

[0039] In some embodiments, the introducer 10 may
include a proximal hub 12 disposed proximate and/or at
a proximal end of the introducer 10. In some embodi-
ments, the introducer 10 may comprise a layered tubular
member 14 extending distally from the proximal hub 12
toward and/or to a distal end of the introducer 10. In some
embodiments, the introducer 10 may include a spring
member 16 at least partially disposed between the prox-
imal hub 12 and the layered tubular member 14.

[0040] In some embodiments, the layered tubular
member 14 may include an inner liner 20 including a lu-
men 22 extending from a proximal region 24 to a distal
region 26. In some embodiments, the lumen 22 may ex-
tend at least partially through the proximal region 24
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and/or the distal region 26. In some embodiments, the
lumen 22 may extend completely through the inner liner
20. In some embodiments, the inner liner 20 may have
a substantially annular shape. In some embodiments,
the inner liner 20 may have a compliant, elongated tubu-
lar structure. In some embodiments, the layered tubular
member 14 may include an outer sheath 30 and/or a
reinforcing member 40. In some embodiments, the rein-
forcing member 40 may be disposed over, around, and/or
about at least a portion of the inner liner 20. In some
embodiments, the outer sheath 30 may be disposed over,
around, and/or about the reinforcing member 40 and/or
the inner liner 20. Additional details regarding the inner
liner 20, the outer sheath 30, and the reinforcing member
40 will be discussed herein. In some embodiments, the
introducer 10 may include a tip member 28 fixedly at-
tached at a distal end of the layered tubular member 14.
[0041] Insome embodiments, the introducer 10 and/or
the layered tubular member 14 has an outer diameter
and may include a tapered region 78. In some embodi-
ments, the tapered region 78 may be positioned proximal
to the distal region 26 of inner liner 20. In some embod-
iments, at least a portion of the introducer 10 and/or the
layered tubular member 14 may have a substantially con-
stant outer diameter which transitions into the tapered
region 78. In some embodiments, the substantially con-
stant outer diameter may be disposed distal of the ta-
pered region 78. At least a portion of the tapered region
78 may have an outer diameter which is greater than the
substantially constant outer diameter of the introducer
10 and/or the layered tubular member 14 distal of the
tapered region 78. However, this is not intended to be
limiting. It is contemplated that any portion of the intro-
ducer 10 and/or the layered tubular member 14 may in-
clude any number of tapers, constant diameter regions,
or combinations thereof.

[0042] In some embodiments, the proximal region 24
of the inner liner 20 and/or the outer sheath 30 may be
attached to the spring member 16. In some embodi-
ments, the inner liner 20 and/or the outer sheath 30 may
cover an inner surface of the spring member 16, an outer
surface ofthe spring member 16, or both the inner surface
and the outer surface of the spring member 16. For ex-
ample, in some embodiments, the spring member 16 may
be positioned between the inner liner 20 and the outer
sheath 30. Other configurations and/or arrangements are
also contemplated.

[0043] In some embodiments, the spring member 16,
the inner liner 20, and/or the outer sheath 30 may be
fixedly attached to the proximal hub 12. The proximal hub
12 may include a hemostatic valve or seal disposed
therein. The hemostatic valve or seal may prevent blood,
other bodily fluid(s), and/or other fluid(s) (e.g., irrigation
fluid, etc.) from flowing proximally through the lumen 22
of the inner liner 20. In some embodiments, the proximal
hub 12 may include at least one port in fluid communi-
cation with the lumen 22 of the inner liner 20.

[0044] FIG. 1 illustrates the outer sheath 30 and the
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reinforcing member 40 fixedly attached to the inner liner
20. As will be evident from the discussion herein, both
the outer sheath 30 and the reinforcing member 40 may
be disposed, attached, and/or fixedly attached, etc. along
the inner liner 20 from the distal region 26 to the proximal
region 24. The outer sheath 30 may include at least one
perforation 32 (e.g., at least one aperture, at least one
window, at least one opening, etc.) extending along at
least a portion of a wall of the outer sheath 30 and/or
extending along at least a portion of a length of the outer
sheath 30. Additional details regarding the at least one
perforation 32 are described herein. In at least some em-
bodiments, the atleast one perforation 32 may be aligned
with a central longitudinal axis 35 of the introducer 10,
the layered tubular member 14, the lumen 22 of the inner
liner 20, and/or the outer sheath 30. The layered tubular
member 14, theinner liner 20, the outer sheath 30, and/or
the reinforcing member 40 may be arranged and/or po-
sitioned coaxially with the central longitudinal axis 35.
The reinforcing member 40 may include a plurality of lon-
gitudinal spines 44. Each of the at least one perforation
32 may be circumferentially disposed and/or positioned
between adjacent longitudinal spines 44 of the plurality
of longitudinal spines 44 of the reinforcing member 40.
[0045] As shown in FIG. 2 for example, the inner liner
20 may include a wall having an outer surface and an
inner surface defining the lumen 22. A thickness of the
wall of the inner liner 20 may be defined by the inner
surface and the outer surface of the inner liner 20. The
inner liner 20 may include at least one folded portion 34
extending along the distal region 26 of the inner liner 20
in a delivery configuration and/or a folded configuration.
In some embodiments, the at least one folded portion 34
may extend along the proximal region 24 and the distal
region 26 of the inner liner 20 in the delivery configuration
and/or the folded configuration. In some embodiments,
the at least one folded portion 34 may extend along an
entire length of the inner liner 20 in the delivery configu-
ration and/or the folded configuration. In one example
shown in FIG. 2, the at least one folded portion 34 in-
cludes three folded portions 34, but it is contemplated
that the inner liner 20 may include greater or less than
three folded portions 34. For example, the at least one
folded portion 34 may include two folded portions 34,
three folded portions 34, four folded portions 34, five fold-
ed portions 34, or more folded portions 34, as desired in
a particular configuration. The inner liner 20 may be dis-
posed radially inward of the outer sheath 30. In some
embodiments, each of and/or some of the at least one
folded portion 34 may fold back on itself to form, for ex-
ample, a wave shape, an S-shape, a T-shape, a Z-shape,
and/or combinations of these when viewed in cross-sec-
tion in the delivery configuration and/or the folded con-
figuration. Other shapes and/or configurations are also
contemplated.

[0046] In the delivery configuration, the inner liner 20
may have a generally annular shape. Other shapes
and/or configurations are also contemplated. In the de-
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livery configuration and/or the folded configuration, the
lumen 22 of the inner liner 20 may have a first inner di-
ameter and/or a first inner extent measured through and
normal to the central longitudinal axis 35 defined by the
inner surface of the inner liner 20. The inner liner 20 may
be configured to radially expand from the delivery con-
figuration and/or the folded configuration to an expanded
configuration (e.g., FIG. 13) when subjected to a radially
outward force from within the lumen 22 of the inner liner
20. In the expanded configuration, the lumen 22 of the
inner liner 20 may have a second inner diameter greater
than the first inner diameter and/or a second inner extent
measured through and normal to the central longitudinal
axis 35 that is greater than the first inner extent. At least
one of the at least one folded portion 34 may at least
partially unfold when the inner liner 20 radially expands
from the delivery configuration and/or the folded config-
uration to the expanded configuration. Similarly, in the
delivery configuration and/or the folded configuration, the
inner liner 20 may have a first outer diameter and/or a
first outer extent measured through and normal to the
central longitudinal axis 35 defined by the outer surface
of the inner liner 20. In the expanded configuration, the
inner liner 20 may have a second outer diameter greater
than the first outer diameter and/or a second outer extent
measured through and normal to the central longitudinal
axis 35 that is greater than the first outer extent. In some
embodiments, the inner liner 20 may be configured to
permit the lumen 22 to radially expand from the first inner
diameter and/or the first inner extent to the second inner
diameter and/or the second inner extent when subjected
to the radially outward force from within the lumen 22 of
the inner liner 20. In some embodiments, the inner liner
20 may be configured to expand radially outward from
the first inner diameter and/or the first inner extent to a
predetermined second inner diameter and/or a predeter-
mined second inner extent. For example, the second in-
ner diameter and/or the second inner extent may have a
predetermined value, and the inner liner 20 may be con-
figured to prevent stretching or expanding radially out-
ward beyond the predetermined value.

[0047] In at least some embodiments, the inner liner
20 may be substantially and/or completely compliant,
and/or the inner liner 20 may have no radial self-bias.
For example, the inner liner 20 may have no radially in-
ward self-bias and/or no radially outward self-bias. In at
least some embodiments, the inner liner 20 may be non-
self-supporting and may not include a mechanism to ra-
dially expand and/or open on its own (e.g., absent a ra-
dially outward force exerted upon the inner liner 20 from
inside the lumen 22). For example, the inner liner 20 may
require a device orobject (e.g., adilator, a medical device
or sheath, etc.) that has a greater outer diameter than
the first inner diameter and/or the first inner extent of the
lumen 22 of the inner liner 20 to push and/or urge the
inner liner 20 radially outward from the delivery configu-
ration and/or the folded configuration toward the expand-
ed configuration. Additionally, in some embodiments, the
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inner liner 20 may not require a radially inward force to
be applied to the outer surface of the inner liner 20 to
collapse radially inward when there is no device, object,
etc. disposed within the lumen 22 of the inner liner 20.
For example, the inner liner 20 may not be held open or
maintain a particular expanded size on its own, or the
inner liner 20 may be non-self-supporting. Similarly, the
inner liner 20 may not be biased to collapse radially in-
wardly on its own. For example, the inner liner 20 may
take the shape and/or form of, and/or the outer surface
of the inner liner 20 may align with and/or be in contact
with, surrounding tissue(s) after being expanded from
the delivery configuration and/or the folded configuration
toward and/or into the expanded configuration. In one
example, a constriction in or of a vessel or body lumen
in which the inner liner 20 is disposed may urge the inner
liner 20 radially inward in the absence of the force, object,
device, etc. that expanded the inner liner 20, but the inner
liner 20 is not self-biased radially inwardly on its own
(e.g., the inner liner 20 may have zero return force after
expanding/opening).

[0048] In some embodiments, the inner liner 20 may
be formed from a compliant material. In some embodi-
ments, the inner liner 20 may be formed from an inelastic
material. In another embodiment, the inner liner 20 may
be formed from an elastic material or a combination of
inelastic and elastic materials. In some embodiments,
the inner liner 20 may be configured to prevent axial
stretching of the inner liner 20 along the lumen 22. For
example, the inner liner 20 may be configured to expand
radially outward from the central longitudinal axis 35 with-
out stretching or expanding in an axial or longitudinal
direction along the central longitudinal axis 35. In some
embodiments, the inner liner 20 may be formed from a
polymeric and/or plastic material. In some embodiments,
the inner liner 20 may be formed from a non-thermoplas-
tic material designed to resist melting while heat is ap-
plied to reflow other and/or adjacent components as dis-
cussed herein. For example, in at least some embodi-
ments, the inner liner 20 may be formed from a material
that has a higher melting point than the reinforcing mem-
ber 40 and/or the outer sheath 30. Some suitable, but
non-limiting, examples of materials for the inner liner 20
are discussed below.

[0049] In some embodiments, the inner surface of the
wall of the inner liner 20 may include one or more layers
or coatings, such as but not limited to, a lubricious coat-
ing, a hydrophilic coating, a hydrophobic coating, and/or
other suitable coatings and the like. In some embodi-
ments, the inner liner 20 may include a lubricant disposed
on the inner surface of the wall of the inner liner 20 and/or
within the lumen 22 of the inner liner 20. In some embod-
iments, an outer surface of the introducer 10 and/or the
outer sheath 30 may include one or more layers or coat-
ings, such as but not limited to, a lubricious coating, a
hydrophilic coating, a hydrophobic coating, and/or other
suitable coatings and the like. In some embodiments, the
introducer 10 and/or the outer sheath 30 may include a
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lubricant disposed on the outer surface of the introducer
10 and/or the outer sheath 30.

[0050] The reinforcing member 40 may include a plu-
rality of longitudinal spines 44 defining a plurality of open-
ings 46 disposed between adjacent longitudinal spines
44, as seen in FIG. 3 for example. The plurality of longi-
tudinal spines 44 may extend from a proximal end 42 of
the reinforcing member 40 to a distal end 48 of the rein-
forcing member 40. In at least some embodiments, dur-
ing initial manufacture and/or forming of the reinforcing
member 40, the plurality of longitudinal spines 44 may
be integrally connected to each other at the proximal end
42 by a proximal circumferential ring and the distal end
48 by a distal circumferential ring. In some embodiments,
during manufacturing and/or assembly of the layered tu-
bular member 14, the proximal circumferential ring and/or
the distal circumferential ring may be removed from the
reinforcing member 40. In one example shown in FIG. 3,
the reinforcing member 40 and/or the plurality of longitu-
dinal spines 44 includes three longitudinal spines 44, but
it is contemplated that the reinforcing member 40 and/or
the plurality of longitudinal spines 44 may include greater
or less than three longitudinal spines 44. For example,
the reinforcing member 40 and/or the plurality of longitu-
dinal spines 44 may include two longitudinal spines 44,
three longitudinal spines 44, four longitudinal spines 44,
five longitudinal spines 44, or more longitudinal spines
44, as desired in a particular configuration. In some em-
bodiments, each of the plurality of longitudinal spines 44
may include a given wall thickness at various locations
alongitslength. In some embodiments, the wall thickness
of any of the plurality of longitudinal spines 44 described
herein may vary along its length.

[0051] In some embodiments, one or more of the plu-
rality of longitudinal spines 44 may include a variable
width along the axial length of the reinforcing member 40
and/or the plurality of longitudinal spines 44. For exam-
ple, FIG. 3 shows one or more of the plurality of longitu-
dinal spines 44 having afirstwidth A at afirst axial location
and a second width B at a second axial location, wherein
the first axial location is proximal of the second axial lo-
cation. In some embodiments, the first axial location may
be proximate the proximal end 42 of the reinforcing mem-
ber 40 and the second axial location may be proximate
the distal end 48 of the reinforcing member 40. Other
configurations are also contemplated. In some embodi-
ments, the first width A may be greater than the second
width B. Alternatively, the first width A may be less than
the second width B. In some embodiments, one or more
of the plurality of longitudinal spines 44 may taper along
the axial length of the reinforcing member 40 and/or the
plurality of longitudinal spines 44. For example, one or
more of the plurality of longitudinal spines 44 may taper
proximally, distally, and/or a combination thereof. In
some embodiments, one or more of the plurality of lon-
gitudinal spines 44 may have a distally-reducing width
(e.g., from the first width A to the second width B) along
at least a portion of the axial length of the reinforcing
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member 40 and/or the plurality of longitudinal spines 44.
In some embodiments, one or more of the plurality of
longitudinal spines 44 may each have a distally-reducing
width (e.g., from the first width A to the second width B)
along atleast a portion of the axial length of the reinforcing
member 40 and/or the plurality of longitudinal spines 44.
In some embodiments, the second width B may remain
substantially constant along at least a portion of the axial
length of the reinforcing member 40 and/or the plurality
of longitudinal spines 44. In one example, one or more
of the plurality of longitudinal spines 44 may be circum-
ferentially spaced equally and/or equidistant around the
central longitudinal axis 35 and/or the reinforcing mem-
ber 40. In some examples, one or more of the plurality
of longitudinal spines 44 may be irregularly and/or pro-
gressively spaced around the central longitudinal axis
35. Some suitable, but non-limiting, examples of materi-
als for the reinforcing member 40 are discussed below.
[0052] FIG. 4 illustrates an alternative reinforcing
member 140 including a plurality of longitudinal spines
144 defining a plurality of openings 146 disposed be-
tween adjacent longitudinal spines 144. The plurality of
longitudinal spines 144 may extend from a proximal end
142 of the reinforcing member 140 to a distal end 148 of
the reinforcing member 140. In at least some embodi-
ments, during initial manufacture and/or forming of the
reinforcing member 140, the plurality of longitudinal
spines 144 may be integrally connected to each other at
the proximal end 142 by a proximal circumferential ring
and the distal end 148 by a distal circumferential ring. In
some embodiments, during manufacturing and/or as-
sembly of the layered tubular member 14, the proximal
circumferential ring and/or the distal circumferential ring
may be removed from the reinforcing member 140. In
one example shown in FIG. 4, the reinforcing member
140 and/or the plurality of longitudinal spines 144 in-
cludes three longitudinal spines 144, but it is contemplat-
ed that the reinforcing member 140 and/or the plurality
of longitudinal spines 144 may include greater or less
than three longitudinal spines 144. For example, the re-
inforcing member 140 and/or the plurality of longitudinal
spines 144 may include two longitudinal spines 144,
three longitudinal spines 144, four longitudinal spines
144, five longitudinal spines 144, one or more longitudinal
spines 144, as desired in a particular configuration. In
some embodiments, each of the plurality of longitudinal
spines 144 may include a given wall thickness at various
locations along its length. In some embodiments, the wall
thickness of any of the plurality of longitudinal spines 44
described herein may vary along its length. In the exam-
ple of FIG. 4, one or more of the plurality of longitudinal
spines 144 may include a substantially constant width
along the axial length of the reinforcing member 140
and/or the plurality of longitudinal spines 144. In one ex-
ample, the plurality of longitudinal spines 144 may be
circumferentially spaced equally and/or equidistant
around the central longitudinal axis 35 and/or the rein-
forcing member 140. In some examples, the plurality of
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longitudinal spines 144 may be irregularly and/or pro-
gressively spaced around the central longitudinal axis
35. It will be appreciated and understood that the rein-
forcing member 140 may be used in place of and/or in-
terchangeably with the reinforcing member 40 through-
out the disclosure. Some suitable, but non-limiting, ex-
amples of materials for the reinforcing member 140 are
discussed below.

[0053] FIG. 5 illustrates one example of the outer
sheath 30. In some embodiments, the outer sheath 30
may include at least one perforation 32 formed in and/or
extending along at least a portion of the wall of the outer
sheath 30 and/or extending along at least a portion of
the length of the outer sheath 30. In some embodiments,
the at least one perforation 32 may include and/or define
a plurality of elements (e.g., a plurality of apertures, a
plurality of windows, a plurality of openings, a plurality of
notches, a plurality of holes, a plurality of weakening fea-
tures, etc.) therein. In some embodiments, the at least
one perforation may extend laterally and/or transversely
through the wall of the outer sheath 30. For example, the
atleastone perforation 32 may effectively remove atleast
a portion of the wall of the outer sheath 30. In some em-
bodiments, the at least one perforation 32 may only par-
tially extend laterally and/or transversely through the wall
of the outer sheath 30, so as to form an area of reduced
wall thickness of the outer sheath 30. For example, in
some embodiments, the at least one perforation 32 may
extend through the wall of the outer sheath 30, while in
other embodiments, the at least one perforation 32 may
be formed as a substantially "thinner" section of the wall
of the outer sheath 30. In some embodiments, the outer
sheath 30 may extend continuously around the circum-
ference of the inner liner 20 and/or the reinforcing mem-
ber 40. In some embodiments, at least a portion of the
outer sheath 30 may be discontinuous.

[0054] In some embodiments, the at least one perfo-
ration 32 forms a preferred and/or preferential tear line
along the outer sheath 30 configured to split apart in re-
sponse to expansion of the inner liner 20 from the delivery
configuration and/or the folded configuration toward the
expanded configuration. In some embodiments, the out-
er sheath 30 may be configured to separate, split, perfo-
rate, and/or tear as the inner liner 20 is expanded radially
outward from the delivery configuration and/or the folded
configuration toward the expanded configuration. In
some embodiments, the outer sheath 30 may be config-
ured to separate, split, perforate, and/or tear along and/or
through the at least one perforation 32 formed in the wall
of the outer sheath 30. In some embodiments, the outer
sheath 30 may be configured to separate, split, perforate,
and/or tear where the outer sheath 30 is discontinuous
and/or constructed of and/or formed from a thinner ma-
terial.

[0055] In atleast some embodiments, the at least one
perforation 32 may be axially aligned with the central lon-
gitudinal axis 35 of the introducer 10, the layered tubular
member 14, the lumen 22 of the inner liner 20, and/or
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the outer sheath 30. In some embodiments, the outer
sheath 30 includes at least one perforation 32 disposed
over, radially aligned with, and/or circumferentially over-
lapping each folded portion 34 of the inner liner 20. In
some embodiments, the at least one perforation 32 may
be arranged in one or more longitudinal and/or axial lines
along the length of the outer sheath 30, the layered tu-
bular member 14, and/or the introducer 10. In some em-
bodiments, the one or more longitudinal and/or axial lines
may directly correspond to the at least one folded portion
34.

[0056] The outer sheath 30 may include a given wall
thickness at various locations along its length. In some
embodiments, the wall thickness of the outer sheath 30
may vary along its length. In some embodiments, the wall
thickness of the outer sheath 30 may be tapered about
the circumference of the inner liner 20 such that a re-
duced thickness region of the outer sheath 30 is disposed
adjacent to, radially outward of, circumferentially aligned
with, in communication with, and/or directly over the at
least one folded portion 34. In some embodiments, the
reduced thickness region is the at least one perforation
32.

[0057] In some embodiments, the at least one perfo-
ration 32 may have a polygonal shape, a regular shape,
an irregular shape, a round shape, a triangular shape, a
square or rectangular shape, a hexagonal shape, an oc-
tagonal shape, a trapezoidal shape, a diamond shape,
or any other suitable shape. In some embodiments, the
at least one perforation may be spaced apart from each
other axially, longitudinally, and/or circumferentially, etc.
In the example shown in FIG. 5, the at least one perfo-
ration 32 proximate a distal end of the outer sheath 30
may have elements thereof spaced apart from each other
by a first distance W. In some embodiments, the at least
one perforation 32 proximate a proximal end of the outer
sheath 30 may have elements thereof spaced apart from
each other by a second distance Z, wherein the second
distance Z is greater than the first distance W. In some
embodiments, the first distance W may be greater than
the second distance Z. In some embodiments, the first
distance W and the second distance Z may be substan-
tially equal. In some embodiments, spacing between ad-
jacent element of the at least one perforation may vary
along the axial length of the outer sheath 30. For exam-
ple, in some embodiments, spacing between adjacent
elements may gradually increase, gradually decrease,
and/or combinations thereof along the axial length of the
outer sheath 30. In one example, the at least one perfo-
ration 32 may include a plurality of windows, wherein
each of the plurality of windows are longitudinally sepa-
rated by a distance, and wherein the distance varies
along the length of the outer sheath 30.

[0058] In some embodiments, the at least one perfo-
ration may have and/or define a surface area. As used
herein, the term "surface area", with respect to the at
least one perforation, may be defined as the "area"
bounded by the shape, outline, and/or perimeter of one
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of the at least one perforation 32. For example, in an
embodiment where the at least one perforation 32 each
has a polygonal shape, the "surface area" of a given el-
ement may be defined as the area bounded by an indi-
vidual polygon. In some embodiments, the surface area
of the at least one perforation 32 may be constant and/or
equal along the length of the outer sheath 30. In some
embodiments, the surface area of the at least one per-
foration 32 may vary along the length of the outer sheath
30. For example, with respect to the at least one perfo-
ration 32 illustrated in FIG. 5, the surface area proximate
the distal end of the outer sheath 30, the layered tubular
member 14, and/or the introducer 10 is greater than the
surface area of the at least one perforation 32 proximal
the proximal end of the outer sheath 30, the layered tu-
bular member 14, and/or the introducer 10. In some em-
bodiments, the surface area of the atleastone perforation
32 may decrease gradually from the distal end of the
outer sheath 30, the layered tubular member 14, and/or
the introducer 10 toward the proximal end of the outer
sheath 30, the layered tubular member 14, and/or the
introducer 10. Inone example, the atleastone perforation
32 may include a plurality of windows, and the plurality
of windows may decrease in size from the distal end of
the outer sheath 30, the layered tubular member 14,
and/or the introducer 10 toward the the proximal end of
the outer sheath 30, the layered tubular member 14,
and/or the introducer 10. Other configurations, including
but not limited to combinations of the features described
herein, are also contemplated.

[0059] In some embodiments the outer sheath 30 may
be formed from a polymeric material. In some examples,
the outer sheath 30 may be formed from the same poly-
meric material as the inner liner 20. In some examples,
the outer sheath 30 may be formed from a different pol-
ymeric material than the inner liner 20. In some embod-
iments, at least some of the outer sheath 30 may be fix-
edly attached to the outer surface of the wall of the inner
liner 20, the reinforcing member 40, and/or the plurality
of longitudinal spines 44. In some embodiments, the en-
tire outer sheath 30 may be fixedly attached to the outer
surface of the wall of the inner liner 20, the reinforcing
member 40, and/or the plurality of longitudinal spines 44.
Some suitable, but non-limiting, examples of materials
for the outer sheath 30 are discussed below.

[0060] A method of manufacturing an introducer hav-
ing a proximal end and a distal end may include position-
ing the reinforcing member 40 on a first mandrel 80. The
reinforcing member 40 may have a length and include
the plurality of longitudinal spines 44 defining the plurality
of openings 46 disposed between adjacent longitudinal
spines 44. The method may include disposing the outer
sheath 30 over the reinforcing member 40 on the first
mandrel 80, the outer sheath 30 including the at least
one perforation 32 circumferentially overlapping the plu-
rality of openings 46, as shown in FIG. 6 for example. As
may also be seen in FIG. 6, the at least one perforation
32 may be formed in one or more longitudinal lines, and
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the plurality of longitudinal spines 44 may be positioned
between the one or more longitudinal lines of the at least
one perforation 32 such that the plurality of longitudinal
spines 44 do not overlap, impinge upon, and/or cover
any portion of the at least one perforation 32. For exam-
ple, the at least one perforation 32 may be completely
free of interference with any portion of the reinforcing
member 40 and/or the plurality of longitudinal spines 44.
The proximal circumferential ring and the distal circum-
ferential ring of the reinforcing member 40 may be dis-
posed outside of the outer sheath 30. For example, the
proximal circumferential ring of the reinforcing member
40 may be disposed proximal of the outer sheath 30 and
the distal circumferential ring of the reinforcing member
40 may be disposed distal of the outer sheath 30. As
such, the plurality of longitudinal spines 44 may extend
axially and/or longitudinally completely through the outer
sheath 30. In at least some embodiments, at least a por-
tion of each of the plurality of openings 46 may extend
beyond (e.g., proximally and/or distally) of the outer
sheath 30.

[0061] In some embodiments, a shrink wrap may then
be applied over the first mandrel 80 and the outer sheath
30 and the reinforcing member 40. The method may in-
clude joining the outer sheath 30 to the reinforcing mem-
ber 40. In some embodiments, joining the outer sheath
30 to the reinforcing member 40 may include heating the
the outer sheath 30 and the reinforcing member 40
shrink-wrapped on the first mandrel 80 to induce reflow
between the reinforcing member 40 and the outer sheath
30. In some embodiments, the outer sheath 30 and the
reinforcing member 40 may be at least partially tacked,
glued, bonded, welded, or otherwise fixedly attached to
each other prior to shrink wrapping, heating, and/or in-
ducing reflow therebetween. Heating and/or reflowing
the outer sheath 30 and the reinforcing member 40 may
permitthe outer sheath 30 to atleast partially melt around
and/or bond with the reinforcing member 40, thereby
forming a smooth, coincident inner surface, wherein an
inner surface of the outer sheath 30 and an inner surface
of the reinforcing member 40 are substantially radially
aligned with each other along a common inner circum-
ference. For example, at least a portion of the outer
sheath 30 may be in contact with the first mandrel 80
around the reinforcing member 40 after heating and/or
reflow. In some embodiments, heating and/or reflowing
the outer sheath 30 and/or the reinforcing member 40
may permit the outer sheath 30 to melt and/or partially
fillinthe atleast one perforation 32. For example, in some
embodiments, the outer sheath 30 may have a reduced
wall thickness at and/or within the at least one perforation
32. In at least some embodiments, the at least one per-
foration 32 may still lack a wall thickness within at least
aportion of the atleast one perforation 32after the heating
and/or reflowing operation. In some embodiments, the
heating and/or reflowing operation may reduce the sur-
face area of the at least one perforation 32 along the
length of the outer sheath 30.
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[0062] The outer sheath 30 and the reinforcing mem-
ber 40 may then be removed from the first mandrel 80
as a joined and/or fixedly attached assembly. In some
embodiments, the shrink wrap may be removed before
removing the outer sheath 30 and the reinforcing member
40 from the first mandrel 80, and in other embodiments,
the shrink wrap may be removed after removing the outer
sheath 30 and the reinforcing member 40 from the first
mandrel 80. After removing the shrink wrap, the distal
circumferential ring of the reinforcing member 40 may be
removed, as the plurality of longitudinal spines 44 is now
fixed and/or held in place by the reflowed outer sheath 30.
[0063] Insome embodiments, the method of manufac-
turing the introducer 10 may include wrapping the inner
liner 20 around a second mandrel 82 to form the delivery
configuration and/or the folded configuration of the inner
liner 20 having at least one folded portion 34 extending
along the distal region 26 of the inner liner 20, as shown
in FIG. 7 for example. In some embodiments, the at least
one folded portion 34 may project radially outward slightly
from the inner liner 20 and/or the second mandrel 82
immediately following wrapping the inner liner 20 around
the second mandrel 82. In some embodiments, the outer
surface of the wall of the inner liner 20 may be etched,
chemically modified, mechanically modified, and/or oth-
erwise processed to promote adhesion and/or bonding
of the outer sheath 30 and/or the reinforcing member 40
to the inner liner 20. In some embodiments, the inner
surface of the outer sheath 30 and/or the reinforcing
member 40 may be etched, chemically modified, me-
chanically modified, and/or otherwise processed to pro-
mote adhesion and/or bonding of the outer sheath 30
and/or the reinforcing member 40 to the inner liner 20.
In some embodiments, both the outer surface of the wall
of the inner liner 20 and the inner surface of the outer
sheath 30 and/or the reinforcing member 40 may be
etched, chemically modified, mechanically modified,
and/or otherwise processed to promote adhesion and/or
bonding of the outer sheath 30 and/or the reinforcing
member 40 to the inner liner 20.

[0064] Next, the method of manufacturing the introduc-
er 10 may include disposing the outer sheath 30 and the
reinforcing member 40 (e.g., as a joined and/or fixedly
attached assembly) over at least a portion of the inner
liner 20 on the second mandrel 82, as shown in FIG. 8
for example, wherein the at least one perforation 32 cir-
cumferentially overlaps and/or radially aligns with each
folded portion 34 of the inner liner 20. Each folded portion
34 of the at least one folded portion 34 may be circum-
ferentially overlapped by and/or radially aligned with one
of the plurality of openings 46 disposed between adjacent
longitudinal spines 44 of the reinforcing member 40.
[0065] In some embodiments, a second shrink wrap
may then be applied over the second mandrel 82, the
outer sheath 30 and the reinforcing member 40, and the
inner liner 20. The method may include joining the outer
sheath 30 and the reinforcing member 40 to the inner
liner 20 to form the layered tubular member 14. In some
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embodiments, joining the outer sheath 30 and the rein-
forcing member 40 to the inner liner 20 may include heat-
ing the outer sheath 30, the reinforcing member 40, and
the inner liner 20 shrink-wrapped on the second mandrel
82 to induce reflow (e.g., a second reflow operation or
process) of the reinforcing member 40 and/or the outer
sheath 30 around the inner liner 20, thereby forming the
layered tubular member 14. In some embodiments, the
outer sheath 30 and/or the reinforcing member 40 may
be at least partially tacked, glued, bonded, welded, or
otherwise fixedly attached to the inner liner 20 prior to
shrink wrapping, heating, and/or inducing reflow (e.g.,
the second reflow operation or process).

[0066] Heating and/or reflowing (e.g., the second re-
flow operation or process) the outer sheath 30 and/or the
reinforcing member 40 around the inner liner 20 may per-
mit the outer sheath 30 and/or the reinforcing member
40 to at least partially melt around and/or bond with the
inner liner 20 to form the layered tubular member 14. The
outer sheath 30, the reinforcing member 40, and theinner
liner 20 (e.g., the layered tubular member 14) may then
be removed from the second mandrel 82 as a joined
and/or fixedly attached assembly. In some embodiments,
the reinforcing member 40 and/or the plurality of longitu-
dinal spines 44 may be at least partially secured and/or
attached (e.g., bonded, fused, laminated, glued, co-
molded, melted, welded, fixedly attached, etc.) to the in-
ner liner 20 and/or the outer sheath 30. In some embod-
iments, the outer sheath 30, the reinforcing member 40,
and/or the plurality of longitudinal spines 44 may be per-
manently attached to the outer surface of the wall of the
inner liner 20. In some embodiments, the reinforcing
member 40 and/or the plurality of longitudinal spines 44
may be at least partially secured and/or attached (e.g.,
bonded, fused, laminated, glued, co-molded, melted,
welded, fixedly attached, etc.) to the inner liner 20 prior
to heating and/or reflowing (e.g., the second reflow op-
eration or process) the outer sheath 30 and/or the rein-
forcing member 40 around the inner liner 20. For exam-
ple, in some embodiments, the plurality of longitudinal
spines 44 may be bonded directly to the outer surface of
the wall of the inner liner 20 prior to heating and/or re-
flowing (e.g., the second reflow operation or process) the
outer sheath 30 and/or the reinforcing member 40. In
some embodiments, heating and/or reflowing (e.g., the
second reflow operation or process) the outer sheath 30
and/or the reinforcing member 40 around the inner liner
20 may permit the outer sheath 30 to melt and/or partially
fillinthe atleast one perforation 32. For example, in some
embodiments, the outer sheath 30 may have a reduced
wall thickness at and/or within the at least one perforation
32. In at least some embodiments, the at least one per-
foration 32 may still lack a wall thickness within at least
a portion of the at least one perforation 32 after the heat-
ing and/or reflowing operation. In some embodiments,
the heating and/or reflowing operation may reduce the
surface area of the at least one perforation 32 along the
length of the outer sheath 30.
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[0067] In some embodiments, the shrink wrap may be
removed before removing the outer sheath 30, the rein-
forcing member 40, and the inner liner 20 (e.g., the lay-
ered tubular member 14) from the second mandrel 82,
and in other embodiments, the shrink wrap may be re-
moved after removing the outer sheath 30, the reinforcing
member 40, and the inner liner 20 (e.g., the layered tu-
bular member 14) from the second mandrel 82. In yet
other embodiments, the shrink wrap may be left in place
on the outer sheath 30, the reinforcing member 40, and
the inner liner 20 (e.g., the layered tubular member 14)
during and/or after removing the outer sheath 30, the
reinforcing member 40, and the inner liner 20 (e.g., the
layered tubular member 14) from the second mandrel 82.
[0068] Insome embodiments, the outer sheath 30, the
reinforcing member, and the inner liner 20 (e.g., the lay-
ered tubular member 14) may be left on the second man-
drel 82. In some embodiments, the outer sheath 30, the
reinforcing member 40, and the inner liner 20 (e.g., the
layered tubular member 14) may be moved and/or trans-
ferred to a third mandrel. Following removal of the shrink
wrap fron the outer sheath 30, the reinforcing member
40, and the inner liner 20 (e.g., the layered tubular mem-
ber 14), and/or placement of the layered tubular member
14 on the third mandrel, the method of manufacturing the
introducer 10 may include trimming and/or cutting the
layered tubular member 14 to a desired length. In some
embodiments, the inner liner 20 may extend to the distal
end of the layered tubular member 14.

[0069] Next, the method of manufacturing the introduc-
er 10 may further include removing material about,
around, and/or from a circumference of the layered tu-
bular member 14 of the introducer 10 adjacent the distal
end of the layered tubular member 14 to form a tapered
distal region 18 of the layered tubular member 14, shown
in FIG. 9. The tapered distal region 18 of the layered
tubular member 14 may taper in a distal direction from a
first outer diameter of the layered tubular member 14 to
a second outer diameter of the layered tubular member
14 less than the first outer diameter of the layered tubular
member 14. In some embodiments, the first outer diam-
eter of the layered tubular member 14 may range from
about 0.039 inches (3F) to about 0.445 inches (34F),
about 0.053 inches (4F) to about 0.419 inches (32F),
about 0.066 inches (5F) to about 0.393 inches (30F),
about 0.079 inches (6F) to about 0.367 inches (28F),
about 0.092 inches (7F) to about 0.341 inches (26F),
about 0.105 inches (8F) to about 0.315 inches (24F),
about 0.118 inches (9F) to about 0.288 inches (22F),
about 0.131 inches (10F) to about 0.263 inches (20F),
about 0.144 inches (11F) to about 0.249 inches (19F),
about 0.158 inches (12F) to about 0.236 inches (18F),
about 0.170 inches (13F) to about 0.223 inches (17F),
about 0.184 inches (14F) to about 0.210 inches (16F),
and/or various subsets and/or combinations of these
ranges.

[0070] In some embodiments, removing material
about, around, and/or from the circumference of the lay-
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ered tubular member 14 of the introducer 10 adjacent
the distal end of the layered tubular member 14 may form
a bevel, a taper, a chamfer, an angle, and/or a reduction
in outer diameter of the layered tubular member 14 ad-
jacent the distal end of the layered tubular member 14.
For example, in some embodiments, material may be
removed using grinding, turning, machining, electrodis-
charge machining (EDM), laser cutting, chemical disso-
lution, or other suitable means. The third mandrel may
be configured to support the layered tubular member 14
and/or the introducer 10 during one or more of the above-
referenced operations and/or processes. In some em-
bodiments, the tapered distal region 18 may be formed
at an angle G relative to the outer surface of the layered
tubular member 14 and/or the introducer 10. In some
embodiments, the angle G may be in a range of about 1
degree to about 75 degrees, about 1.5 degrees to about
60 degrees, about 2 degrees to about 45 degrees, about
2.5 degrees to about 30 degrees, about 3 degrees to
about 15 degrees, about 3.5 degrees to about 7.5 de-
grees, about 4 degrees to about 6 degrees, or another
suitable angle as desired, including but not limited to var-
ious subsets and/or combinations of these ranges. In
some embodiments, the tapered distal region 18 may be
formed and/or may extend proximally from the distal end
of the layered tubular member 14 about 0.010 inches,
about 0.025 inches, about 0.050 inches, about 0.075
inches, about 0.100 inches, about 0.125 inchres, about
0.150 inches, about 0.175 inches, about 0.200 inches,
about 0.225 inches, about 0.250 inches, about 0.300
inches, about 0.400 inches, or another suitable distance
as desired. Other configurations are also contemplated.
[0071] After removing material about, around, and/or
from the circumference of the layered tubular member
14 of the introducer 10 to form the tapered distal region
18 of the layered tubular member 14, the method of man-
ufacturing the introducer 10 may include modifying the
tapered distal region 18 of the layered tubular member
14 by removing at least a portion of one or more of the
atleast one folded portion 34 from the inner liner 20 within
the tapered distal region 18 of the layered tubular mem-
ber 14, as seen in FIG. 10. In some embodiments, the
method of manufacturing may include modifying the ta-
pered distal region 18 of the layered tubular member 14
by removing at least a portion of each folded portion 34
from the inner liner 20 within the tapered distal region 18
ofthe layered tubular member 14. In some embodiments,
the method may include modifying the tapered distal re-
gion 18 of the layered tubular member 14 by completely
removing each folded portion 34 from the inner liner 20
within the tapered distal region 18 of the layered tubular
member 14. In some embodiments, removing at least a
portion of each folded portion 34 may include disposing
the layered tubular member 14 of the introducer 10 on a
fourth mandrel configured to support the layered tubular
member 14 of the introducer 10 as the tapered distal
region 18 is modified. In some embodiments, each folded
portion 34 may be removed within the tapered distal re-
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gion 18 by cutting, punching, machining, electrodis-
charge machining (EDM), chemical dissolution, laser cut-
ting, or other suitable means. In some embodiments, re-
moving at least a portion of each folded portion 34 from
the inner liner 20 within the tapered distal region 18 may
include removing portions of the outer sheath 30 that
overlap each folded portion 34 within the tapered distal
region 18 of the layered tubular member 14. In some
embodiments, after removing at least a portion of each
folded portion 34 from the inner liner 20 within the tapered
distal region 18, at least a portion of each folded portion
34 terminates proximal of the distal end of the layered
tubular member 14.

[0072] In some embodiments, removing at least a por-
tion of each folded portion 34 from the inner liner 20 within
the tapered distal region 18 may form at least one cut
out 19 (e.g., at least one punch out, at least one notch,
etc.) within the tapered distal region 18 of the layered
tubular member 14, as shown in FIG. 10. In some em-
bodiments, removing at least a portion of each folded
portion 34 from the inner liner 20 within the tapered distal
region 18 may include removing portions of the outer
sheath 30 that overlap each folded portion 34 within the
tapered distal region 18 of the layered tubular member
14 to form the at least one cut out 19 (e.g., at least one
punch out, at least one notch, etc.). For example, at lo-
cations where each folded portion 34 is removed from
the inner liner 20 within the tapered distal region 18 of
the layered tubular member 14, the introducer 10 may
be devoid of the outer sheath 30 and the reinforcing mem-
ber 40, and at least a portion of each folded portion 34
may terminate proximal of the distal end of the layered
tubular member 14. In some embodiments, the layered
tubular member 14 may include a cut out 19 radially
aligned with each folded portion 34 and extending prox-
imally from the distal end of the layered tubular member
14 within the tapered distal region 18. In some embodi-
ments, the atleast one cutout 19 (e.g., atleastone punch
out, at least one notch, etc.) may have an axial or longi-
tudinal length different from the distance the tapered dis-
tal region 18 extends proximally from the distal end of
the layered tubular member 14 and/or the introducer 10.
In some embodiments, the at least one cut out 19 (e.g.,
atleastone punch out, at least one notch, etc.) may have
an axial or longitudinal length substantially equal to the
distance the tapered distal region 18 extends proximally
from the distal end of the layered tubular member 14
and/or the introducer 10. For example, the at least one
cutout 19 (e.g., atleast one punch out, at least one notch,
etc.) may be formed and/or may extend proximally from
the distal end of the layered tubular member 14 and/or
theintroducer 10 about0.010inches, about 0.025 inches,
about 0.050 inches, about 0.075 inches, about 0.100
inches, about 0.125 inchres, about 0.150 inches, about
0.175 inches, about 0.200 inches, about 0.225 inches,
about 0.250 inches, about 0.300 inches, about 0.400
inches, or another suitable distance as desired. In some
embodiments, the at least one cut out 19 (e.g., at least
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one punch out, at least one notch, etc.) may be formed
with a lateral and/or circumferential width of about 0.010
inches, about 0.025 inches, 0.040 inches, 0.050 inches,
0.065 inches, 0.075 inches, 0.080 inches, 0.085 inches,
0.090 inches, 0.095 inches, 0.100 inches, 0.100 inches,
0.125 inches, 0.150 inches, or another suitable distance
as desired. Other configurations, shapes, arrangements,
and/or dimensions are also contemplated.

[0073] Insomeembodiments, removing material about
the circumference of the layered tubular member 14 of
the introducer 10 adjacent the distal end of the layered
tubular member 14 may remove a portion of the thickness
of the wall of the inner liner 20 at the distal end of the
layered tubular member 14. Removing each folded por-
tion 34 of the at least one folded portion 34 from the inner
liner 20 within the tapered distal region 18 also removes
a portion of the reduced thickness wall of the inner liner
20, wherein any remaining portion of the wall of the inner
liner 20 having a reduced thickness is supported and/or
backed by the reinforcing member 40 and/or the plurality
of longitudinal spines 44. The thickness of the wall of the
inner liner 20 may be maintained at its full, unaltered
thickness along a distal edge of the inner liner 20 dis-
posed between adjacent longitudinal spines 44 of the
reinforcing member 40, at locations where each folded
portion 34 is removed from the inner liner 20 within the
tapered distal region 18, and/or within the at least one
cutout19 (e.g., atleast one punch out, atleast one notch,
etc.).

[0074] In some embodiments, after removing material
from the circumference of the layered tubular member
14 of the introducer 10 to form the tapered distal region
18 of the layered tubular member 14 and removing each
folded portion 34 from the innerliner 20 within the tapered
distal region 18, the method of manufacturing the intro-
ducer 10 may include fixedly attaching the tip member
28 atthe distal end of the introducer 10 and/or the layered
tubular member 14, as seen in FIG. 11, wherein the tip
member 28 is engaged with the tapered distal region 18
ofthe layered tubular member 14. In some embodiments,
prior to fixedly attaching the tip member 28 at the distal
end of the layered tubular member 14, the introducer 10
and/or the layered tubular member 14 may be disposed
on a fifth mandrel, and the tip member 28 may be dis-
posed on the fifth mandrel, as well. Heat shrink may be
disposed over, on, and/or around the introducer 10
and/or the layered tubular member 14 and the tip member
28.

[0075] In some embodiments, the tip member 28 may
be formed from a polymeric material having a relatively
low durometer. For example, in at least some embodi-
ments, the tip member 28 may be formed from a lower
durometer material than the outer sheath 30, the rein-
forcing member 40, and/or the inner liner 20. In some
embodiments, the tip member 28 may be formed from
and/or may include a radiopaque material. For example,
the lower durometer material of the tip member 28 may
include and/or be doped with aradiopaque material, pow-
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der, etc. The radiopaque material may permit easy vis-
ualization of the tip member 28 by a clinician during a
medical procedure. Some suitable, but non-limiting, ex-
amples of materials for the tip member 28 are discussed
below.

[0076] In some embodiments, fixedly attaching the tip
member 28 at the distal end of the layered tubular mem-
ber 14 may include heating the layered tubular member
14 and the tip member 28 shrink-wrapped on the fifth
mandrel to induce reflow (e.g., a third reflow operation
or process) of the tip member 28 into the at least one cut
out 19 (e.g., at least one punch out, at least one notch,
etc.) and along the tapered distal region 18 of the layered
tubular member 14, as seen in FIG. 12. After heating
and/or reflowing (e.g., the third reflow operation or proc-
ess) the tip member 28, an inner surface of the tip mem-
ber 28 may be coincident with the inner diameter and/or
the inner extent of the inner surface of the wall of the
inner liner 20 in the delivery configuration and/or the fold-
ed configuration. The tip member 28 will be devoid of the
at least one folded portion and/or a proximal end of the
tip member 28 will abut a distal face (e.g., the wall thick-
ness) of the at least one folded portion 34 of the inner
liner 20 within the at least one cut out 19 (e.g., at least
one punch out, at least one notch, etc.). In some embod-
iments, the tip member 28 may be at least partially
tacked, glued, bonded, welded, or otherwise fixedly at-
tached to the tapered distal region 18 prior to shrink wrap-
ping, heating, and/orinducing reflow (e.g., the third reflow
operation or process). Heating and/or reflowing (e.g., the
third reflow operation or process) the layered tubular
member 14 and/or the tip member 28 may permit the tip
member 28 to at least partially melt around and/or bond
with the tapered distal region 18 of the layered tubular
member 14. The introducer 10 may then be removed
from the fifth mandrel as a joined and/or fixedly attached
assembly. The heat shrink may be removed from the
introducer 10, after heating and/or reflowing (e.g., the
third reflow operation or process) the layered tubular
member 14 and/or the tip member 28, and either before
or after removing the introducer 10 from the fifth mandrel.
The tip member 28 may then be trimmed and/or modified
to include a beveled, chamfered, and/or rounded distal
edge. In some embodiments, the tip member 28 may
may taper in a distal direction from the first outer diameter
of the layered tubular member 14 and/or the introducer
10 to a reduced outer diameter less than the first outer
diameter of the layered tubular member 14 and/or the
introducer 10.

[0077] In some embodiments, the tip member 28 may
be configured to separate, split, perforate, and/or tear
apart at locations where at least one folded portion 34
was removed from the inner liner 20 within the tapered
distal region 18, and/or within the at least one cut out 19
(e.g., at least one punch out, at least one notch, etc.),
when the inner liner 20 radially expands from the delivery
configuration and/or the folded configuration towards the
expanded configuration. In some embodiments, loca-
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tions where at least one folded portion 34 was removed
from the inner liner 20 within the tapered distal region 18
and/or the atleast one cutout 19 (e.g., atleast one punch
out, at least one notch, etc.) may form a preferred and/or
preferential tear line along and/or through the tip member
28 configured to split apart in response to expansion of
the inner liner 20 from the delivery configuration and/or
the folded configuration toward the expanded configura-
tion.

[0078] As may be appreciated, one or more of the
above described operations and/or processes (e.g., the
first, second, and/or third reflow operations or processes,
for example) may be combined into a single step and/or
may be performed simultaneously. In some embodi-
ments, the method of manufacturing may require more
or fewer steps, mandrels, heat shrinks, heating and/or
reflow operations, cutting and/or trimming operations,
etc. than described herein. Other configurations and/or
methods or individual steps are also contemplated.
[0079] When using the introducer 10, the introducer 10
may be inserted into and/or navigated within a vessel
and/or body lumen to a target site or area of interest. In
some embodiments, the vessel and/or body lumen may
include a partial or total occlusion or obstruction formed
therein. In some embodiments, the vessel and/or body
lumen may be devoid of any occlusion or obstruction (par-
tial or total). In some embodiments, the introducer 10
may be inserted into and/or navigated within the vessel
and/or body lumen with a dilator disposed within the lu-
men 22 of the inner liner 20 and/or extending through the
introducer 10. The dilator may then be removed and a
medical device inserted into the lumen 22 of the inner
liner 20. In some embodimetns, the outer diameter of the
medical device may be greater than the inner diameter
and/or the inner extent of the lumen 22 of the inner liner
20 distal of the tapered region 78 in the delivery config-
uration and/or the folded configuration. Upon reaching
and/or encountering the inner diameter and/or inner ex-
tent of the lumen 22 that is less than the outer diameter
of the medical device, the medical device may begin to
exert a radially outward force against the inner surface
of the wall of the inner liner 20. The radially outward force
may cause the inner liner 20 to radially expand towards
the expanded configuration, and the outer sheath 30 may
separate, split, perforate, and/or tear apart along the at
least one perforation 32 and the at least one folded por-
tion 34 may unfold thereby increasing the inner diameter
and/or the inner extent of the lumen 22 of the inner liner
20. Thetipmember 28 may also separate, split, perforate,
and/or tear apart at locations where at least one folded
portion 34 was removed from the inner liner 20 within the
tapered distal region 18, and/or within the at least one
cutout19 (e.g., atleast one punch out, atleast one notch,
etc.), as the inner liner 20 radially expands from the de-
livery configuration and/or the folded configuration to-
wards the expanded configuration, as shown in FIG. 13
for example.

[0080] In some embodiments, after the introducer 10
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has been inserted into and/or navigated within the vessel
and/or body lumen, the dilator may be inserted into the
lumen 22 of the inner liner 20. In some embodimetns,
the outer diameter of the dilator may be greater than the
inner diameter and/or the inner extent of the lumen 22 of
the inner liner 20 distal of the tapered region 78 in the
delivery configuration and/or the folded configuration.
Upon reaching and/or encountering the inner diameter
and/or inner extent of the lumen 22 that is less than the
outer diameter of the dilator, the dilator may begin to exert
a radially outward force against the inner surface of the
wall of the inner liner 20. The radially outward force may
cause the inner liner 20 to radially expand towards the
expanded configuration, and the outer sheath 30 may
separate, split, perforate, and/or tear apart along the at
least one perforation 32 and the at least one folded por-
tion 34 may unfold thereby increasing the inner diameter
and/or the inner extent of the lumen 22 of the inner liner
20. The tipmember 28 may also separate, split, perforate,
and/or tear apart at locations where at least one folded
portion 34 was removed from the inner liner 20 within the
tapered distal region 18, and/or within the at least one
cutout 19 (e.g., atleast one punch out, at least one notch,
etc.), as the inner liner 20 radially expands from the de-
livery configuration and/or the folded configuration to-
wards the expanded configuration. The dilator may be
removed from the introducer 10 and a medical device
then inserted into the lumen 22 of the inner liner 20 of
the introducer 10.

[0081] The materials that can be used for the various
components of the introducer 10, the proximal hub 12,
the layered tubular member 14, the spring member 16,
the inner liner 20, the tip member 28, the outer sheath
30, the reinforcing member 40/140, etc. (and/or other
systems or components disclosed herein) and the vari-
ous elements thereof disclosed herein may include those
commonly associated with medical devices. For simplic-
ity purposes, the following discussion makes reference
to the introducer 10, the proximal hub 12, the layered
tubular member 14, the spring member 16, the inner liner
20, the tipmember 28, the outer sheath 30, the reinforcing
member 40/140, etc. However, this is not intended to limit
the devices and methods described herein, as the dis-
cussion may be applied to other elements, members,
components, or devices disclosed herein, such as, but
not limited to, the plurality of longitudinal spines 44/144,
etc. and/or elements or components thereof.

[0082] In some embodiments, the introducer 10, the
proximal hub 12, the layered tubular member 14, the
spring member 16, the inner liner 20, the tip member 28,
the outer sheath 30, the reinforcing member 40/140, etc.,
and/or components thereof may be made from a metal,
metal alloy, polymer (some examples of which are dis-
closed below), a metal-polymer composite, ceramics,
combinations thereof, and the like, or other suitable ma-
terial. Some examples of suitable metals and metal alloys
include stainless steel, such as 444V, 444L, and 314LV
stainless steel; mild steel; nickel-titanium alloy such as
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linear-elastic and/or super-elastic nitinol; other nickel al-
loys such as nickel-chromium-molybdenum alloys (e.g.,
UNS: N06625 such as INCONEL® 625, UNS: N06022
such as HASTELLOY® C-22®, UNS: N10276 such as
HASTELLOY® C276®, other HASTELLOY® alloys, and
the like), nickel-copper alloys (e.g., UNS: N04400 such
as MONEL®400, NICKEL VAC® 400, NICORROS® 400,
and the like), nickel-cobalt-chromium-molybdenum al-
loys (e.g., UNS: R44035 such as MP35-N® and the like),
nickel-molybdenum alloys (e.g., UNS: N10665 such as
HASTELLOY® ALLOY B2®), other nickel-chromium al-
loys, other nickel-molybdenum alloys, other nickel-cobalt
alloys, other nickel-iron alloys, other nickel-copper alloys,
other nickel-tungsten or tungsten alloys, and the like; co-
balt-chromium alloys; cobalt-chromium-molybdenum al-
loys (e.g., UNS: R44003 such as ELGILOY®, PHYNOX®,
and the like); platinum enriched stainless steel; titanium;
platinum; palladium; gold; combinations thereof; and the
like; or any other suitable material.

[0083] As alluded to herein, within the family of com-
mercially available nickel-titanium or nitinol alloys, is a
category designated "linear elastic" or "non-super-elas-
tic" which, although may be similar in chemistry to con-
ventional shape memory and super elastic varieties, may
exhibit distinct and useful mechanical properties. Linear
elastic and/or non-super-elastic nitinol may be distin-
guished from super elastic nitinol in that the linear elastic
and/or non-super-elastic nitinol does not display a sub-
stantial "superelastic plateau” or "flag region" in its
stress/strain curve like super elastic nitinol does. Instead,
in the linear elastic and/or non-super-elastic nitinol, as
recoverable strain increases, the stress continues to in-
crease in a substantially linear, or a somewhat, but not
necessarily entirely linear relationship until plastic defor-
mation begins or at least in a relationship that is more
linear than the super elastic plateau and/or flag region
that may be seen with super elastic nitinol. Thus, for the
purposes of this disclosure linear elastic and/or non-su-
per-elastic nitinol may also be termed "substantially"” lin-
ear elastic and/or non-super-elastic nitinol.

[0084] Insome cases, linear elastic and/or non-super-
elastic nitinol may also be distinguishable from super
elastic nitinol in that linear elastic and/or non-super-elas-
tic nitinol may accept up to about 2-5% strain while re-
maining substantially elastic (e.g., before plastically de-
forming) whereas super elastic nitinol may accept up to
about 8% strain before plastically deforming. Both of
these materials can be distinguished from other linear
elastic materials such as stainless steel (that can also be
distinguished based on its composition), which may ac-
cept only about 0.2 to 0.44 percent strain before plasti-
cally deforming.

[0085] In some embodiments, the linear elastic and/or
non-super-elastic nickel-titanium alloy is an alloy that
does not show any martensite/austenite phase changes
that are detectable by differential scanning calorimetry
(DSC)and dynamic metal thermal analysis (DMTA) anal-
ysis over a large temperature range. For example, in
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some embodiments, there may be no martensite/austen-
ite phase changes detectable by DSC and DMTA anal-
ysis in the range of about -60 degrees Celsius (°C) to
about 120 °Cinthe linear elastic and/or non-super-elastic
nickel-titanium alloy. The mechanical bending properties
of such material may therefore be generally inert to the
effect of temperature over this very broad range of tem-
perature. In some embodiments, the mechanical bending
properties of the linear elastic and/or non-super-elastic
nickel-titanium alloy at ambient or room temperature are
substantially the same as the mechanical properties at
body temperature, for example, in that they do not display
a super-elastic plateau and/orflag region. In other words,
across a broad temperature range, the linear elastic
and/or non-super-elastic nickel-titanium alloy maintains
its linear elastic and/or non-super-elastic characteristics
and/or properties.

[0086] Insome embodiments, the linear elastic and/or
non-super-elastic nickel-titanium alloy may be in the
range of about 50 to about 60 weight percent nickel, with
the remainder being essentially titanium. In some em-
bodiments, the composition is in the range of about 54
to about 57 weight percent nickel. One example of a suit-
able nickel-titanium alloy is FHP-NT alloy commercially
available from Furukawa Techno Material Co. of Kana-
gawa, Japan. Other suitable materials may include UL-
TANIUM™ (available from Neo-Metrics) and GUM MET-
AL™ (available from Toyota). In some other embodi-
ments, a superelastic alloy, for example a superelastic
nitinol can be used to achieve desired properties.
[0087] In at least some embodiments, portions or all
of the introducer 10, the proximal hub 12, the layered
tubular member 14, the spring member 16, the inner liner
20, the tipmember 28, the outer sheath 30, the reinforcing
member 40/140, etc., and/or components thereof, may
also be doped with, made of, or otherwise include a ra-
diopaque material. Radiopaque materials are under-
stood to be materials capable of producing a relatively
brightimage on a fluoroscopy screen or another imaging
technique during a medical procedure. This relatively
bright image aids a user in determining the location of
the introducer 10, the proximal hub 12, the layered tubular
member 14, the spring member 16, the inner liner 20,
the tip member 28, the outer sheath 30, the reinforcing
member 40/140, etc. Some examples of radiopaque ma-
terials can include, but are not limited to, gold, platinum,
palladium, tantalum, tungsten alloy, polymer material
loaded with a radiopaque filler, and the like. Additionally,
other radiopaque marker bands and/or coils may also be
incorporated into the design of the introducer 10, the
proximal hub 12, the layered tubular member 14, the
spring member 16, the inner liner 20, the tip member 28,
the outer sheath 30, the reinforcing member 40/140, etc.
to achieve the same result.

[0088] In some embodiments, a degree of Magnetic
Resonance Imaging (MRI) compatibility is imparted into
the introducer 10, the proximal hub 12, the layered tubular
member 14, the spring member 16, the inner liner 20,
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the tip member 28, the outer sheath 30, the reinforcing
member 40/140, etc. For example, the introducer 10, the
proximal hub 12, the layered tubular member 14, the
spring member 16, the inner liner 20, the tip member 28,
the outer sheath 30, the reinforcing member 40/140, etc.,
and/or components or portions thereof, may be made of
a material that does not substantially distort the image
and create substantial artifacts (e.g., gaps in the image).
Certain ferromagnetic materials, for example, may not
be suitable because they may create artifacts in an MRI
image. The introducer 10, the proximal hub 12, the lay-
ered tubular member 14, the spring member 16, the inner
liner 20, the tip member 28, the outer sheath 30, the re-
inforcing member 40/140, etc., or portions thereof, may
also be made from a material that the MRl machine can
image. Some materials that exhibit these characteristics
include, for example, tungsten, cobalt-chromium-molyb-
denum alloys (e.g., UNS: R44003 such as ELGILOY®,
PHYNOX®, and the like), nickel-cobalt-chromium-molyb-
denum alloys (e.g., UNS: R44035 such as MP35-N® and
the like), nitinol, and the like, and others.

[0089] In some embodiments, the introducer 10, the
proximal hub 12, the layered tubular member 14, the
spring member 16, the inner liner 20, the tip member 28,
the outer sheath 30, the reinforcing member 40/140, etc.,
and/or portions thereof, may be made from or include a
polymer or other suitable material. Some examples of
suitable polymers may include polytetrafluoroethylene
(PTFE), ethylene tetrafluoroethylene (ETFE), fluorinated
ethylene propylene (FEP), polyoxymethylene (POM, for
example, DELRIN® available from DuPont), polyether
block ester, polyurethane (for example, Polyurethane
85A), polypropylene (PP), polyvinylchloride (PVC), poly
ether-ester (for example, ARNITEL® available from DSM
Engineering Plastics), ether or ester based copolymers
(for example, butylene/poly(alkylene ether) phthalate
and/or other polyester elastomers such as HYTREL®
available from DuPont), polyamide (for example, DU-
PETHAN® available from Bayer or CRISTAMID® avail-
able from EIf Atochem), elastomeric polyamides, block
polyamide/ethers, polyether block amide (PEBA, for ex-
ample available under the trade name PEBAX®), ethyl-
ene vinyl acetate copolymers (EVA), silicones, polyeth-
ylene (PE), Marlex high-density polyethylene, Marlex
low-density polyethylene, linear low density polyethylene
(for example REXELL®), polyester, polybutylene tereph-
thalate (PBT), polyethylene terephthalate (PET), polytri-
methylene terephthalate, polyethylene naphthalate
(PEN), polyetheretherketone (PEEK), polyimide (Pl),
polyetherimide (PEI), polyphenylene sulfide (PPS),
polyphenylene oxide (PPO), poly paraphenylene tereph-
thalamide (for example, KEVLAR®), polysulfone, nylon,
nylon-12 (such as GRILAMID® available from EMS
American Grilon), perfluoro(propyl vinyl ether) (PFA),
ethylene vinyl alcohol, polyolefin, polystyrene, epoxy,
polyvinylidene chloride (PVdC), poly(styrene-b-isobuty-
lene-b-styrene) (for example, SIBS and/or SIBS 50A),
polycarbonates, ionomers, polyurethane silicone copol-

10

15

20

25

30

35

40

45

50

55

16

ymers (for example, ElastEon® from Aortech Biomateri-
als or ChronoSil® from AdvanSource Biomaterials), bio-
compatible polymers, other suitable materials, or mix-
tures, combinations, copolymers thereof, polymer/metal
composites, and the like. In some embodiments, the
sheath can be blended with a liquid crystal polymer
(LCP). For example, the mixture can contain up to about
6 percent LCP.

[0090] In some embodiments, the introducer 10, the
layered tubular member 14, the inner liner 20, the outer
sheath 30, the reinforcing member 40/140, etc. disclosed
herein may include a fabric material disposed over or
within at least a portion of the structure. The fabric ma-
terial may be composed of a biocompatible material, such
a polymeric material or biomaterial, adapted to promote
tissue ingrowth. In some embodiments, the fabric mate-
rial may include a bioabsorbable material. Some exam-
ples of suitable fabric materials include, but are not limited
to, polyethylene glycol (PEG), nylon, polytetrafluoroeth-
ylene (PTFE, ePTFE), a polyolefinic material such as a
polyethylene, a polypropylene, polyester, polyurethane,
and/or blends or combinations thereof.

[0091] In some embodiments, the introducer 10, the
layered tubular member 14, the inner liner 20, the outer
sheath 30, the reinforcing member 40/140, etc. may in-
clude a textile material. Some examples of suitable textile
materials may include synthetic yams that may be flat,
shaped, twisted, textured, pre-shrunk or un-shrunk. Syn-
thetic biocompatible yarns suitable for use in the present
invention include, but are not limited to, polyesters, in-
cluding polyethylene terephthalate (PET) polyesters,
polypropylenes, polyethylenes, polyurethanes, polyole-
fins, polyvinyls, polymethylacetates, polyamides, naph-
thalene dicarboxylene derivatives, natural silk, and pol-
ytetrafluoroethylenes. Moreover, at least one of the syn-
thetic yarns may be a metallic yarn or a glass or ceramic
yarn or fiber. Useful metallic yarns include those yarns
made from or containing stainless steel, platinum, gold,
titanium, tantalum or a Ni-Co-Cr-based alloy. The yarns
may further include carbon, glass or ceramic fibers. De-
sirably, the yarns are made from thermoplastic materials
including, but not limited to, polyesters, polypropylenes,
polyethylenes, polyurethanes, polynaphthalenes, poly-
tetrafluoroethylenes, and the like. The yarns may be of
the multiflament, monofilament, or spun-types. The type
and denier of the yarn chosen may be selected in a man-
ner which forms a biocompatible and implantable pros-
thesis and, more particularly, a vascular structure having
desirable properties.

[0092] In some embodiments, the introducer 10, the
proximal hub 12, the layered tubular member 14, the
spring member 16, the inner liner 20, the tip member 28,
the outer sheath 30, the reinforcing member 40/140, etc.
may include and/or be treated with a suitable therapeutic
agent. Some examples of suitable therapeutic agents
may include anti-thrombogenic agents (such as heparin,
heparin derivatives, urokinase, and PPack (dextrophe-
nylalanine proline arginine chloromethylketone)); anti-
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proliferative agents (such as enoxaparin, angiopeptin,
monoclonal antibodies capable of blocking smooth mus-
cle cell proliferation, hirudin, and acetylsalicylic acid); an-
ti-inflammatory agents (such as dexamethasone, pred-
nisolone, corticosterone, budesonide, estrogen, sul-
fasalazine, and mesalamine); antineoplastic/antiprolifer-
ative/anti-mitotic agents (such as paclitaxel, 5-fluorour-
acil, cisplatin, vinblastine, vincristine, epothilones, en-
dostatin, angiostatin and thymidine kinase inhibitors); an-
esthetic agents (such as lidocaine, bupivacaine, and rop-
ivacaine); anti-coagulants (such as D-Phe-Pro-Arg
chloromethyl keton, an RGD peptide-containing com-
pound, heparin, anti-thrombin compounds, platelet re-
ceptor antagonists, anti-thrombin antibodies, anti-plate-
let receptor antibodies, aspirin, prostaglandin inhibitors,
platelet inhibitors, and tick antiplatelet peptides); vascu-
lar cell growth promoters (such as growth factor inhibi-
tors, growth factor receptor antagonists, transcriptional
activators, and translational promoters); vascular cell
growth inhibitors (such as growth factor inhibitors, growth
factor receptor antagonists, transcriptional repressors,
translational repressors, replication inhibitors, inhibitory
antibodies, antibodies directed against growth factors,
bifunctional molecules consisting of a growth factor and
a cytotoxin, bifunctional molecules consisting of an anti-
body and a cytotoxin); cholesterol-lowering agents; va-
sodilating agents; and agents which interfere with endog-
enous vasoactive mechanisms.

[0093] It should be understood that this disclosure is,
in many respects, only illustrative. Changes may be
made in details, particularly in matters of shape, size,
and arrangement of steps without exceeding the scope
of the invention. This may include, to the extent that it is
appropriate, the use of any of the features of one example
embodiment being used in other embodiments. The in-
vention’s scope is, of course, defined in the language in
which the appended claims are expressed.

[0094] Although the present invention is defined in the
attached claims, it should be understood that the present
invention can also (alternatively) be defined in accord-
ance with the following embodiments:

1. An introducer, comprising:
a layered tubular member, comprising:

an inner liner including a lumen, a distal region,
and at least one folded portion extending along
the distal region of the inner liner in a delivery
configuration;

a reinforcing member disposed over at least a
portion of the inner liner, the reinforcing member
having a length and including a plurality of lon-
gitudinal spines defining a plurality of openings
disposed between adjacent longitudinal spines,
wherein each folded portion is circumferentially
overlapped by one of the plurality of openings;
and

an outer sheath disposed over the reinforcing
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member, wherein the outer sheath includes at
least one perforation circumferentially overlap-
ping each folded portion; and

a tip member fixedly attached to a tapered distal
region of the layered tubular member; wherein
the inner liner extends to a distal end of the lay-
ered tubular member; wherein at least a portion
of each folded portion terminates proximal of the
distal end of the layered tubular member.

2. The introducer of embodiment 1, wherein the inner
lineris configured to radially expand from the delivery
configuration to an expanded configuration.

3. The introducer of embodiment 2, wherein the lu-
men has a first diameter in the delivery configuration
and a second diameter in the expanded configura-
tion, the second diameter being greater than the first
diameter.

4. The introducer of embodiment 2 or 3, wherein at
least one of the at least one folded portion at least
partially unfolds when the inner liner radially expands
from the delivery configuration to the expanded con-
figuration.

5. The introducer of any one of embodiments 1-4,
wherein the layered tubular member includes a cut
out radially aligned with each folded portion and ex-
tending proximally from the distal end of the layered
tubular member within the tapered distal region.

6. The introducer of any one of embodiments 1 -5,
wherein the tapered distal region of the layered tu-
bular member tapers in a distal direction from a first
outer diameter to a second outer diameter less than
the first outer diameter.

7. The introducer of any one of embodiments 1-6,
wherein the inner liner is formed from an inelastic
material.

8. The introducer of any one of embodiments 1-7,
wherein one or more of the plurality of longitudinal
spines have a substantially constant width along the
length of the reinforcing member.

9. The introducer of any one of embodiments 1-8,
wherein one or more of the plurality of longitudinal
spines have a distally-reducing width along at least
a portion of the length of the reinforcing member.

10. A method of manufacturing an introducer, the
method comprising:

positioning a reinforcing member on a first man-
drel, the reinforcing member having a length and
including a plurality of longitudinal spines defin-
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ing a plurality of openings disposed between ad-
jacent longitudinal spines;

disposing an outer sheath over the reinforcing
member on the first mandrel, the outer sheath
including at least one perforation circumferen-
tially overlapping the plurality of openings; join-
ing the outer sheath to the reinforcing member;
wrapping an inner liner around a second man-
drelto form a folded configuration having atleast
one folded portion extending along a distal re-
gion of the inner liner; disposing the outer sheath
and the reinforcing member over at least a por-
tion of the inner liner on the second mandrel to
form a layered tubular member, wherein the at
least one perforation circumferentially overlaps
each folded portion; removing material about a
circumference of the layered tubular member
adjacentadistal end of the layered tubular mem-
ber to form a tapered distal region of the layered
tubular member;

removing atleast a portion of each folded portion
from the inner liner within the tapered distal re-
gion; and

fixedly attaching a tip member to the tapered
distal region.

11. The method of embodiment 10, wherein joining
the outer sheath to the reinforcing member includes
heating the reinforcing member and the outer sheath
to induce reflow between the reinforcing member
and the outer sheath.

12. The method of any one of embodiments 10-11,
further comprising: prior to removing material about
the circumference of the layered tubular member,
heating the outer sheath, the reinforcing member,
andtheinnerlinertoinduce reflow of the outer sheath
and the reinforcing member about the inner liner,
thereby joining the outer sheath and the reinforcing
member to the inner liner to form the layered tubular
member.

13. The method of any one of embodiments 10-12,
wherein removing at least a portion of each folded
portion from the inner liner within the tapered distal
region includes removing portions of the outer
sheath that overlap each folded portion within the
tapered distal region of the layered tubular member.

14. The method of any one of embodiments 10-13,
wherein the tip member is formed from a lower du-
rometer material than the outer sheath, the reinforc-
ing member, or the inner liner.

15. The method of any one of embodiments 10-14,
wherein the atleast one perforation forms a preferred
tear line along the outer sheath configured to split
apartin response to expansion of the inner liner from
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the folded configuration toward an expanded config-
uration.

Claims

1.

An introducer, comprising:
a layered tubular member, comprising:

an inner liner including a lumen, a distal region,
and at least one folded portion extending along
the distal region of the inner liner in a delivery
configuration;

a reinforcing member disposed over at least a
portion of the inner liner, the reinforcing member
having a length and including a plurality of lon-
gitudinal spines defining a plurality of openings
disposed between adjacent longitudinal spines,
wherein each folded portion is circumferentially
overlapped by one of the plurality of openings;
and

an outer sheath disposed over the reinforcing
member, wherein the outer sheath includes at
least one perforation circumferentially overlap-
ping each folded portion.

The introducer of claim 1 further comprising a tip
member fixedly attached to a tapered distal region
of the layered tubular member;

wherein the inner liner extends to a distal end
of the layered tubular member;

wherein at least a portion of each folded portion
terminates proximal of the distal end of the lay-
ered tubular member.

The introducer of claim 1 or 2, wherein the inner liner
is configured to radially expand from the delivery
configuration to an expanded configuration.

The introducer of claim 3, wherein the lumen has a
first diameter in the delivery configuration and a sec-
ond diameter in the expanded configuration, the sec-
ond diameter being greater than the first diameter.

The introducer of claims 1 to 4, wherein at least one
of the at least one folded portion at least partially
unfolds when the inner liner radially expands from
the delivery configuration to the expanded configu-
ration.

The introducer of any one of claims 2-5, wherein the
layered tubular member includes a cut out radially
aligned with each folded portion and extending prox-
imally from the distal end of the layered tubular mem-
ber within the tapered distal region.

The introducer of any one of claims 2-6, wherein the
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tapered distal region of the layered tubular member
tapers in a distal direction from a first outer diameter
to a second outer diameter less than the first outer
diameter.

The introducer of any one of claims 1-7, wherein the
inner liner is formed from an inelastic material.

The introducer of any one of claims 1-8, wherein one
or more of the plurality of longitudinal spines have a
substantially constant width along the length of the
reinforcing member, or, wherein one or more of the
plurality of longitudinal spines have a distally-reduc-
ing width along at least a portion of the length of the
reinforcing member.

A method of manufacturing an introducer, the meth-
od comprising:

positioning a reinforcing member on a first man-
drel, the reinforcing member having a length and
including a plurality of longitudinal spines defin-
ing a plurality of openings disposed between ad-
jacent longitudinal spines;

disposing an outer sheath over the reinforcing
member on the first mandrel, the outer sheath
including at least one perforation circumferen-
tially overlapping the plurality of openings;
joining the outer sheath to the reinforcing mem-
ber;

wrapping an inner liner around a second man-
drelto form a folded configuration having atleast
one folded portion extending along a distal re-
gion of the inner liner;

disposing the outer sheath and the reinforcing
member over at least a portion of the inner liner
on the second mandrel to form a layered tubular
member, wherein the at least one perforation
circumferentially overlaps each folded portion.

The method of claim 10 further comprising removing
material about a circumference of the layered tubular
member adj acent a distal end of the layered tubular
member to form a tapered distal region of the layered
tubular member;

removing atleast a portion of each folded portion
from the inner liner within the tapered distal re-
gion; and

fixedly attaching a tip member to the tapered
distal region.

The method of claim 10 or 11, wherein joining the
outer sheath to the reinforcing member includes
heating the reinforcing member and the outer sheath
to induce reflow between the reinforcing member
and the outer sheath.

10

15

20

25

30

35

40

45

50

55

19

EP 4 129 382 A1

13.

14.

15.

36

The method of any one of claims 11 or 12, further
comprising: prior to removing material about the cir-
cumference of the layered tubular member, heating
the outer sheath, the reinforcing member, and the
inner liner to induce reflow of the outer sheath and
the reinforcing member about the inner liner, thereby
joining the outer sheath and the reinforcing member
to the inner liner to form the layered tubular member.

The method of any one of claims 11-13, wherein re-
moving at least a portion of each folded portion from
the inner liner within the tapered distal region in-
cludes removing portions of the outer sheath that
overlap each folded portion within the tapered distal
region of the layered tubular member.

The method of any one of claims 11-14, wherein the
tip member is formed from a lower durometer mate-
rial than the outer sheath, the reinforcing member,
or the inner liner.
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